to photoperiod. It is widely accepted that the early phase of soybean development is not influenced by photope-
at a constant air temperature of 26ЊC was found to be
2-to 5-d intervals after seedling emergence (defined as the day when
sensitive to a 9-h photoperiod at 4 d after seed wetting the cotyledons appeared above the soil surface). The duration of the (Wilkerson et al., 1989) , whereas Davis grown in a so-called juvenile phase was shown to be photoperiod-dependent, the photoperiod effect being nonlinear. Soybean plants became sensitive 12-h photoperiod at air temperatures of 30/20ЊC day/ to an 8-, 10-, 12-, and 14-h photoperiod at Ϫ1, 0, 1, and 9 d after night (mean daily air temperature ϭ 25ЊC) was not seedling emergence, respectively. Based on these and other results, sensitive until 18 d after sowing (Ellis et al., 1992 (Shanmugasundaram and Tsou, 1978; Wang et al., 1998) . We concluded that the evidence of a juveet al., 1997b). The environmental factor that most influnile phase in opium poppy was questionable. The results ences the floral development rate of soybean is photoin opium poppy led us to examine the widely accepted period.
assumption of a juvenile phase in soybean. Development from sowing or emergence to anthesis Our objective was to experimentally test the hypothein soybean, a quantitative short-day plant, has been sis that the early phase of development in soybean just divided into several phases based on its sensitivity to after emergence is truly photoperiod-independent. photoperiod. Roberts and Summerfield (1987) . Dolomitic lime was added to French, 1985) .
adjust the pH of the medium to 6.0.
Despite extensive studies, there remains some confu- the product by USDA-ARS.
were placed in each of the four remaining chambers. Each dependence on the day of transfer from one photoperiod to another. The standard errors of the means (n ϭ 3) for days chamber was provided with a combination of six high-pressure sodium and six metal-halide lamps, which were arranged alterto flower were calculated and presented for each transfer. natively in three rows. The air temperature in all six chambers was controlled at 26 Ϯ 0.5ЊC both day and night. Photosyn-
RESULTS AND DISCUSSION
thetic photon flux density inside the growth chambers was maintained at 1000 Ϯ 100 mol m Ϫ2 s Ϫ1 at the top of the plant
There was a linear relationship between the days to canopy. Plants were watered as needed and thinned to one flower and the days to transfer from the noninductive per pot at the cotyledon stage (VC) (i.e., at 2 to 3 days after 22-h to the inductive 8-h photoperiod (Fig. 1a) . juvenile phase was estimated to be 9 DAE (i.e., at growth stage V2).
Juvenile Phase Determination
These results indicated that the duration of the ob-
The determination of the juvenile phase was similar to the served juvenile phase in soybean varied and depended riod, as reported by Wilkerson et al. (1989) , it appears that Davis has a different sensitivity to photoperiod compared with Hutcheson. Observations on both cultithe 22-h photoperiod on floral development. However, vars are consistent with our findings in opium poppy for plants transferred from a 22-to a 14-h photoperiod, that the duration of the so-called juvenile phase is dedays from transfer to flower decreased from 36 to 20 d pendent on the inductive photoperiod experienced as transfer date increased from 0 to 35 DAE (Fig. 2d) . (Wang et al., 1998) .
The effect of the 22-h photoperiod on floral developOur results indicate that there is no juvenile phase in ment became significant when plants were transferred Hutcheson soybean, because seedlings were demonto the less-inductive photoperiod of 14 h. strated to be sensitive to photoperiod as soon as they
The duration of the juvenile phase has been shown to emerged. The apparent juvenile phase for plants transbe cultivar-dependent (Shanmugasundaram and Tsou, ferred to the 14-h photoperiod simply reflects applica-1978; Board and Settimi, 1988; Wilkerson et al., 1989 ; tion of a less-inductive photoperiod. Upadhyay et al., 1994) . Various durations of the juvenile When plants were transferred from a 22-h to an 8-, phase have been reported in different soybean cultivars 10-, or 12-h photoperiod, the duration from transfer to that had experienced a highly inductive 9-h photoperiod flowering was 19 to 21 d, regardless of the plant age at (Wilkerson et al., 1989) . The observed difference in the transfer (Fig. 2a,b,c) . The duration (≈30 d) during which duration of the juvenile phase among cultivars might plants remained in the 22-h photoperiod prior to transhave resulted from cultivar difference. However, based fer apparently did not significantly affect the time from on our results it is also possible that these cultivars are transfer to flowering. The greater developmental rates all sensitive to photoperiod from emergence, but show towards flowering in the highly inductive 8-, 10-, and different rates of progress towards flowering in response to a given photoperiod. To model the development of 12-h photoperiods probably had masked any effect of soybean under field conditions, it is necessary to know of floral development by eliminating the photoperiodinsensitive juvenile phase in many if not all soybean culdaylength as early as seedling emergence if there is no juvenile phase. Whether there is a juvenile phase or tivars. not for other cultivars needs to be reassessed. Using
